No-reference image quality assessment is the future research direction in the field of image evaluation. A new no-reference image quality assessment based on the generalized evidence theory was proposed in this paper in order to deal with the measuring problem of the large scale samples under the optical microscope. The generalized basic probability assignment was generated by the triangular fuzzy numbers, based on the mean structural similarity. The decision was obtained by fusing the basic probability assignment with the generalized evidence theory.
Introduction
The observation under the optical microscope cannot cover the whole surface of the large scale samples contribute to the narrow depth of field and irregular surface of the plate [1] . In order to achieve the complete topography of the sample, the image mosaicing method is adopted to stitch images of the each field of view. The current image mosaicking method cannot realize automatic selection of theories which is used single one at a time.
The mosaic image quality assessment methods can be divided into subjective and objective ones [2] [3] [4] . The subjective assessment methods, based on the subjective image quality scores by the observers, generally include average subjective scores and average difference of subjective scores, which result in heavy workload, time-consuming and inconvenience. Objective assessment methods, based on the quantitative analysis according to certain algorithm of image, are divided into full-reference, half-reference and no-reference image assessment. The no-reference image quality algorithms have practical use with a wide application range, while at the same time the lack of reference image and changeful information of image makes the no-reference image quality assessment more complicated and difficult.
In this paper, a new no-reference image mosaicking method based on the generalized evidence theory (GET) is proposed, which can choose the most suitable stitching methods improving the usability of the theory.
Image Mosaicing method
Image mosaicing is a method of combining two or more partial images with overlap into a single set of large image with plenty applications [3] [4] [5] . The common methods of feature point selection contain Harris algorithm, SIFT algorithm. Although Harris algorithm has excellent performance in terms of consistency and validity, the accuracy of Harris algorithm will be affected because of the poor scale invariance for the feature points. SIFT algorithm is applicable for fast and accurate matching based on the database of a large number of features with high time complexity. Weighted average method is also a kind of image fusion algorithm based on the spatial domain, without direct participation in the changes and decomposing of source images.
Image Structure Similarity
The structure similarity is obtained via extracting the image structure information according to human eye's criteria, comparing the structure similarity of image to be evaluated with the one to be referenced to assess the image quality status [6] . It evaluates the image similarity respectively from three aspects as brightness, contrast and structure. The pixels of images have strong correlation of the structure, carrying the important graphic information. The concept of image structure was proposed by Wang Zhou and Bovik in 2002.
The mean structural similarity is shown as (1) [7] :
(1) where X and Y represent the two compared images; l(X,Y), c(X,Y), s(X,Y) represent comparison of the brightness, contrast and structure respectively; T is the total number of non-overlapping blocks of X and Y separated by the same size of windows.
The structure information is one of the objective characteristics of the images, indicating the relationship between each pixel values. More attention is paid to the inner regularity between reference and mosaicked images, which is also a higher level of understanding the system features of human eyes. Calculated values of MSSIM range from 0 to 1, and the values is larger, the image distortion is smaller.
Generalized Evidence Theory
The generalized evidence theory proposed by Deng Yong [9] , based on the generalized basic probability assignment, is comparatively perfect among currently insufficient research of evidence theory under the open world. The theory of empty set Φ introduced for theory extension is not equal to the classical set theory. It represents the unexpected proposition beyond the recognition framework, meaning no corresponding to any combination of the propositions.
Assuming on the framework of discernment U, the focal elements are respectively and ( = 1,2, … ; = 1,2, … ), with the globalized basic probability assignment m1 and m2.
1 ∩ 2 = Φ. The globalized combine rule is shown as (2) [8] :
where K is a normalization constant, called conflict because it measures the degree of conflict between m1 and m2, and K = 1 implied complete contradiction between m1 and m2. As the classic evidence combination rules, the generalized combination rules also meets the associative law and the commutative law [8] [9] . If m (Φ) = 0, the generalized combination rules will degenerate into the Dempster combination rules.
Experiment
In order to verify the application of the generalized evidence theory in image stitching, we used the light microscope to measure the surface topography of the large-scale sample. The magnification in the experiment is lx5, and the size of sample is 3mm×3mm.The measurement area was divided into four pieces attributed to the sample's oversized dimension which beyond the range of laboratory equipment, shown in Figure 1 . The four separated parts were partial coincident with each other, covering the whole graphic information of the sample.
With the feature points extraction methods as Harris and SIFT, the images were stitched shown 
Generation of BPA
The uncertainty information consists of random uncertainty information, fuzzy uncertainty information, grey uncertainty information and the unascertained uncertainty information. The fuzzy uncertainty information is produced by the complexity and the extension concepts of the matters, the result of which is certain while the characteristic expression of which is unclearly and it can always be represented by the membership functions, like triangular fuzzy numbers. The grey uncertainty information is produced by the uncertain part of the information attributed to the restricted conditions with part of the information and the approximate scope of information and it can be described the interval numbers.
Triangular Fuzzy Numbers
Triangular fuzzy number is one of the methods transferring the fuzzy and uncertain linguistic variables into a certain number. It is a good way to solve the problem that the evaluated objects can only be assessed with natural language like 'Comparatively accurate' without the accurate quantitative measurement.
A and B is both the triangular fuzzy number of the frame of discernmentΘ. Θ = {A( ), B( )}. Assuming its fuzzy membership functions as (3) [8] . 
The diagram is shown as Figure 2 . Table 2 . According to the intersection number N of the samples and the fuzzy numbers, the GBPA can be generated for an unidentified sample. If the cumulation of BPA is more than 1, the BPA should be normalized. If the cumulation of BPA is less than 1, the rest of it should be assigned to Φ. The GBPA showed in Table 3 . 
Interval Fuzzy Number
The generation method of BPA based on the grey uncertain information is built on the basis of a certain number of samples. Firstly, expand the set interval into power set as the frame of discernment the elements of which is the interval numbers. Then determine the minimum and the maximum of each feature, constructing as the interval. According to (3) (4), the distance and the similarity index between sample and interval numbers can be calculated and allocated to the proposition.
Assuming A = [ 1 , 2 ]， and B = [ 1 , 2 ] as two interval numbers, the interval distance of them are [10] :
and the similarity between intervals are [10] : Table 1 can be calculated its distance as an interval with just one real number to the three intervals. The distance and similarity is showed in 
Generalized Evidence Fusion Theory
According to (2) , the triangular fuzzy numbers and interval fuzzy numbers are fused with the generalized evidence theory, shown in Table 5 and Table 6 . According to the triangular fuzzy numbers in Table 5 , the similarities between Harris and the other two kind of images are highest, and the similarities between SIFT and the other two are the second. Therefore the optimum image mosaicking methods should be the Harris or the SIFT. According to the interval fuzzy numbers in Table 6 , the similarities between each pair are close to each other which cannot lead to the best decision.
Conclusion
The image mosaicing quality assessment method proposed in the paper was effective and accurate according to the experimental results. The proposed method is also a new method with the light microscope for the surface topography measurement of large scale sample. In this paper, the image quality was evaluated with comparison between the image structure similarities based on the generalized evidence theory. The suitable feature point's extraction algorithm can be chosen by the triangular fuzzy numbers. As one of the urgent problems of the current image mosaicing methods, the no-reference image mosaicking quality method is a kind of convenient and stable assessment methods, which is the future research direction.
